Various substituted neoflavonoid derivatives were synthesized using sulfated montmorillonite K-10 as a catalyst. This method is environmental friendly, sustainable and economical, convenient in isolation and purification processes, with little byproducts, using earth-abundant catalysts and has relatively high yield. Those neoflavonoid derivatives were screened for antioxidant, a-glucosidase inhibitory, aldose reductase 2 (ALR2) inhibitory and advanced glycation end-product formation inhibitory effects. Most compounds exhibited significant antioxidant and advanced glycation end-product (AGE) formation inhibitory activities. It was interesting to note that out of thirty compounds, 8k and 8l were found to have greater ALR2 inhibitory activity than the standard drug quercetin. The pharmacological studies suggested neoflavonoid with adjacent 7,8-dihydroxy groups were more effective in inhibiting ALR2. Antidiabetic activity studies had shown that compounds 8l and 8m were equipotent to the standard drug glibenclamide in vivo. In summary, the target compound 8l provided a potential drug design concept for the development of therapeutic or prophylactic agents of diabetes and diabetes complications.
Introduction
Derivatives of neoavonoids, also named 4-arylcoumarins, are widespread in nature and have possessed a broad spectrum of biological activities 1 including antioxidant, 2-4 antidiabetic, 5 cytotoxic, [6] [7] [8] antimicrobial, [9] [10] [11] anti-inammatory, 12 antiprotozoal [13] [14] [15] and estrogenic 16 activities. Korec and co-workers 17 reported that oral administration of an extract prepared from a commercial mixture of the stem barks of H. latiora and E. caribaeum (CM) of uncertain origin decreased glucose levels in streptozotocin (STZ)-diabetic mice during short term experiments in 2000. Guerrero-Analco and co-workers 18 found that the extract of H. latiora and several 4-phenylcoumarins isolated from Rubiaceae were very effective in regulating blood glucose levels in hyperglycemia in 2007. The structure of the most effective compound ( Owing to the potential biological activity and structural diversity of neoavonoid, they have attracted an appreciable amount of attention in the synthetic community in recent decades. 19 There are numerous reports of their synthesis in literature, but most of them have some disadvantages such as using expensive raw materials, delivering low regioselectivities and not economical or environmental friendly. 20 Consequently, researchers are still looking for more environmental benign and economical synthetic processes. Lee and coworkers 21 disclosed a new approach to the synthesis of neoavonoid, based on a high yielding montmorillonite K-10 catalyzed lactone ring forming cyclization process (Fig. 2) . In this article, we simplied and improved Lee's method by employing sulfated montmorillonite K-10 as catalyst (Fig. 2) . In contrast to Lee's method, our substituted phenylpropiolic acids were not converted to acylate and the nal product could be puried by recrystallization Fig. 1 Structure of compound 1.
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Results and discussion

Chemistry
The common synthetic strategies for the target compounds 4a-4p and 8a-8n are summarized in Scheme 1. The synthetic pathway was started from Knoevenagel condensation reaction of commercially available material 1a-1e and malonic acid to afford corresponding 2a-2e. 22 Then under the catalysis of sulfated montmorillonite K-10, 4a-4p can be prepared by the esterication-cyclization reaction of 2a-2e and different phenols 3a-3e. In order to conrm the optimal reaction conditions, 4-methoxyphenylacrylic acid 2a with resorcinol 3a were chosen as model substrates. This paper screened different solvents such as nitrobenzene, chlorobenzene and acetic acid. It was found that this reaction had the highest yield of 79% in the nitrobenzene and a lower yield of 66% in the acetic acid ( Table 1) . The further studies found that the optimal H 2 SO 4 concentration was 30% to treat montmorillonite K-10. This paper also examined the reuse of the catalyst on the tandem esterication alkylation of substituted cinnamic acids and resorcinol to get dihydrocoumarin 4a. The results showed that montmorillonite K-10 could be reused without extra treatment to catalyze the same reaction, and the yield of 4a didn't have signicant decrease (Table 2) . Montmorillonite K-10 also had such advantages as low cost, non-toxicity, and commercial availability, rendering the synthetic process more environmental friendly and economical.
8a-8h were synthesized from different substituted cinnamic acids 2a-2c through four steps as outlined in Scheme 1. The key intermediates 4-methoxyphenylpropiolic acid (7a), 3,4-dimethoxyphenylpropiolic acid (7b) and 3,4,5-trimethoxyphenylpropiolic acid (7c) were prepared according to the routine reported previously by Sun's group. 20 This procedure mainly included esterication, addition, elimination and acidication reactions. Then the neoavonoids 8a-8h were successfully obtained via the reaction between key intermediates 7a-7c and different phenols 3a-3e in the presence of sulfated montmorillonite K-10 and nitrobenzene at 100 C for 3-10 hours. The crude products were puried by recrystallization in pretty good yields (64-75%, Table 3 ). These neoavonoids 8a-8h with 1, 2 or 3 methoxy group at the aryl in C 4 could be easily converted to neoavonoids 8i-8n with 1, 2 or 3 hydroxyl group at the aryl in C 4 under the catalysis of I 2 and Al in 0  2  27  5  2  Nitrobenzene 5  2  20  23  3  Nitrobenzene 10  2  16  41  4  Nitrobenzene 20  2  8  61  5  Nitrobenzene 30  2  3  79  6  Nitrobenzene 30  1  6  65  7  Nitrobenzene 30  4  3  79  8  Nitrobenzene 30  6  3  71  9  Chlorobenzene 30  2  5  45  10 Acetic acid  30  2  10  66   Table 2 Recovery of montmorillonite K-10 for synthesis of compound 4a and its corresponding yield. Reaction reagents and conditions: 2a (5 mmol), 3a (5.5 mmol), solvents (10 mL), montmorillonite K-10 (2 g)
Recycling times
Reaction time (h) Yield (%) reuxing acetonitrile. Notably, the yield of this demethylating reaction was more than 90% without complex purication.
Biological evaluation
2.2.1. In vitro antioxidant activity. All the synthesized compounds were evaluated for their antioxidant activities in the way of scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH) 23 and hydroxyl radical. 24 Vitamin C was used as a reference compound in this assay. As shown in Table 4 , most compounds of 4a-4p and 8a-8n demonstrated moderate to great scavenging activity, among which 8c, 8d and 8h-8n with several hydroxyl groups showed excellent activity in the both two aspects.
DPPH is a widely used method to evaluate antioxidant capacities of natural and synthetic products. Although the main skeleton for all compounds is same, the slight difference in their inhibitory potential might be due to the different substitution patterns on benzene ring. As shown in Table 4 , the number and position of hydroxy groups were relatively correlated with DPPH radical scavenging activity. Generally, the increase of hydroxy groups and the decrease of methoxy groups were positive to this activity, while 3,4-dihydrogen structure was adverse to radical scavenging capacity. Moreover, compounds with adjacent 7,8-dihydroxy groups or 3 0 ,4 0 -dihydroxy groups had great capacity to scavenge DPPH radical, especially compounds 4i, 4o, 8i, 8k, 8l, 8m and 8n were better than positive reference substance vitamin C (IC 50 ¼ 6.509 AE 0.153 mg mL À1 ). These conclusions were similar to ref. 25 .
In addition, it can be found from the data that almost all compounds with two adjacent hydroxy groups exhibit great hydroxyl radical scavenging activity. Especially, the IC 50 values of compounds 8h, 8k, 8l, 8m and 8n were from 289 AE 0 to 417 AE 21 mg mL À1 , which were 2 to 3 folds of the value of vitamin C (IC 50 ¼ 837 AE 24 mg mL
À1
). The IC 50 values, 4f > 8c and 4g > 8d, indicated that neoavonoid with 3,4-dihydrogen had weaker hydroxyl radical scavenging activity.
2.2.2. In vitro a-glucosidase inhibitory activity. 26 aGlucosidases, enzymes anchored in the brush border of the small intestine, are responsible for catalyzing the hydrolysis of carbohydrates.
27 Their inhibitors were useful for the treatment of type II diabetes mellitus. 28 Though all the compounds were tested a-glucosidase inhibitory activity in vitro, as shown in Table 4 , just six compounds (8f, 8h, 8k, 8l, 8m and 8n) presented moderate to excellent inhibitory activity for aglucosidase. Notably, 8l (IC 50 ¼ 0.250 AE 0.042 mg mL À1 ) had relatively strong activity, which displayed little weaker capacity than acarbose (IC 50 ¼ 0.032 AE 0.002 mg mL À1 ). None of the neoavonoid with 3,4-dihydrogen showed good inhibitory activity, indicating that double bond between C 3 and C 4 was necessary for inhibiting a-glucosidase. The results showed that neoavonoid with adjacent 7,8-dihydroxy groups was weaker than that with 5,7-dihydroxy groups and 6,8-dihydroxy groups in meta-position. Aer compound 8h was converted to 8n via demethylation, its IC 50 value decreased from 0.499 AE 0.164 mg mL À1 to 0.400 AE 0.036 mg mL À1 . According to in vitro a-glucosidase inhibition test results, we decided to study in vivo hypoglycemic activity of compounds 8l, 8m and 8n. 2.2.3. In vitro inhibitory activity of AGEs (advanced glycation end products) formation. 29 Advanced glycation end products are a group of complex and heterogeneous compounds, which are implicated in a number of biochemical abnormalities associated with diabetes. 30 Therefore, the discovery of AGEs inhibitors would be benecial to the prevention and treatment of diabetic or other pathogenic complications. The results listed in Table 4 displayed that most of the target compounds presented strong inhibitory activity to AGEs, even better than amino guanidine (AG) (IC 50 ¼ 31.265 AE 0.942 mg mL À1 ). The IC 50 value, 8n < 8k < 8l < 8b < 8c < 8m < 3.0 mg mL À1 , which were over 10 folds compared with positive reference substance. When the neoavonoids both have the 3 0 ,4 0 -dihydroxy groups, those compounds with 6,8-dihydroxy groups were better than those with 7,8-dihydroxy groups and which were stronger than those with 5,7-dihydroxy groups. The AGEs inhibitory capacities of 8b > 4b, 8c > 4f, 8d > 4g, 8g > 4k and 8m > 4o, indicating that absence of 3,4-dihydrogen groups in neoavonoids enhanced their inhibitory activity to the formation of AGEs. The series of IC 50 values, 8k < 8l < 8c < 8d < 8e showed that neoavonoids with 7,8-dihydroxy groups had a strong inhibitory activity of AGEs formation.
2.2.4.
In vitro ALR2 inhibitory activity. 31 The enzyme aldose reductase (ALR2) is a member of the aldo-keto reductase superfamily. Diabetic complications including cataracts, retinopathy, accelerated atherosclerosis, and increased 33 Kunming mice were used as targets to estimate oral toxicity of each compound to mice. We select compounds 8l, 8m and 8n at concentrations of 10, 100, 1000 mg kg À1 to test their oral toxicity in the rst phase, and 1600, 2900 and 5000 mg kg
À1
at the second phase. Results showed that none of the tested compounds signicantly affected mice viability. No death and no appetite-suppressant effect were detected in the tested mice in 14 days. Since no death or damage was observed throughout the experiment, the LD 50 was higher than 5000 mg kg À1 for the three compounds assayed, indicating their innocuousness for mice. 2.2.6. Acute hypoglycemic assay. The antidiabetic activity was determined by using a standard method. 26 As shown in Table 5 , the target compounds 8l, 8m and 8n (10 mg kg À1 , 30 mg kg À1 and 100 mg kg À1 of bw) caused decreases in blood glucose levels in STZ-diabetic mice compared with normal mice (Table 6 ). Especially, 8l (30 mg kg À1 of bw) caused signicant decreases in blood glucose levels when compared with vehicletreated groups (p < 0.05). In STZ-diabetic animals, the hypoglycemic effect of 8l (30 mg kg À1 of bw) was larger than 50% and persisted throughout the experiment ( Table 5 ). The highest antihyperglycemic effect was observed at doses of 30 and 100 mg kg À1 at 7 h ($77.14 and $70.56%, respectively) (Table and $62.77%, respectively) ( Table 5 ). The target compounds 8m and 8n showed similar antidiabetic activity throughout the experiment. Glibenclamide (10 mg kg À1 of bw), used as a positive control, showed maximum hypoglycemic effect at 9 h in STZ-induced diabetic mice (Table 5) . However, the administration of the target compounds 8l, 8m and 8n (10 mg kg À1 , 30 mg kg À1 and 100 mg kg À1 of bw) did not show signicant decreases of blood glucose levels in normoglycemic mice (Table 6 ).
2.2.7.
Effects of daily treatment with compounds 8l and 8m in STZ-induced diabetic mice. The long term antihyperglycemic effect of the target compounds 8l and 8m was performed by using a classical chronic experiment with STZ-induced diabetic mice. 34 The results demonstrated that daily oral administration of the target compound 8l (30 mg kg À1 of bw each time), once a day, for 16 days, induced pronounced antihyperglycemic effect in the STZ-diabetic mice (Fig. 3) . The target compound 8m was less efficient in decreasing blood glucose levels in diabetic mice (Fig. 3 ). Compounds 8l (30 mg kg À1 of bw each time) restored of bw each time) also prevented body weight loss in hyperglycemic mice (Fig. 4 ) and the effect was equipotent to that of glibenclamide (10 mg kg À1 of bw each time). However, 8l was more efficient than 8m in preventing body weight loss in hyperglycemic mice (Fig. 4) . 2.2.8. Oral glucose tolerance test of compounds 8m and 8l on in STZ-induced diabetic mice. The oral glucose tolerance test was determined by using a standard method. 35 Compared with vehicle treated group (p < 0.05) (Fig. 5) , the target compounds 8l and 8m (30 mg kg À1 of bw) caused a signicant decrease in the postprandial glycemia peak in both normal (data not shown) and STZ-diabetic mice. In all cases, the effect of the target compounds 8l and 8m (30 mg kg À1 of bw) were comparable to that of the glibenclamide (10 mg kg À1 of bw) used as a positive control. Compounds 8l and 8m decreased blood glucose levels to below initial values at the end of the experiment (Fig. 5 ).
Conclusions
Thirty neoavonoid derivatives were synthesized by using sulfated montmorillonite K-10 as catalyst. Compared with traditional methods, this method is more environmental friendly, more sustainable and economical owning to the earthabundant catalysts used, more convenient in isolation and purication processes due to less byproducts, and the yield is relatively higher than traditional methods. We then studied the pharmacological activity of the synthesized compounds. In the respect to its antioxidant activity, compounds 8k, 8l, 8m and 8n had strong hydroxyl radical scavenging activity. Compounds 8k and 8l showed signicant effect on treatment of diabetic complications. Notably, 8l had relatively strong activity, which displayed little weaker capacity than acarbose. Oral toxicity tests indicated their innocuousness for mice. We selected compounds 8l, 8m and 8n to investigate their antidiabetic activity in vivo. The results showed the effect of the target compounds 8l and 8m were equipotent to that of the glibenclamide used as a positive control in vivo, in all cases. In conclusion, the target compound 8l offered a potential drug design concept for the development of therapeutic or preventive agents for diabetes and complications of diabetes.
Experimental
4.1. Synthesis 4.1.1. Materials and methods. Melting points were determined using a Thiele tube and were uncorrected. The FT-IR Fig. 3 Long-term effect of the compound 8l and 8m on blood glucose levels in STZ-diabetic mice. Each value is the mean AE SEM for six mice in each group. *p < 0.05 significantly different ANOVA followed by Dunnett's t-test for comparison with the diabetic control group at same time. Fig. 4 Body weight changes of daily treatment with compounds 8l and 8m in STZ-induced diabetic mice. Each value is the mean AE SEM for six mice in each group. *p < 0.05 significantly different ANOVA followed by Dunnett's t-test vs. the diabetic control group at same time. spectra were recorded using a Thermo-Nicolet Nexus 670 spectrometer with KBr pellets. The 1 H NMR and 13 C NMR spectra were recorded with a Bruker AM-600 spectrometer with TMS as the internal standard. Chemical shis were reported at room temperature on a scale (ppm) with DMSO-d 6 as the solvents and J values are given in hertz. Mass spectra were obtained with an Agilent Trap VL LC/MS spectrometer. The absorbance was recorded by a Hitachi U-3000 UV spectrophotometer. Column chromatography was performed on silica gel (200-300 mesh). Unless otherwise noted, all solvents and reagents were commercially available and used without further purication.
4.1.2. The treatment of montmorillonite K-10. The montmorillonite K-10 used in this study was supplied by Aladdin. This treatment method referred to literature 36 with slight modication. To a 250 mL oven-dried three-neck round-bottom ask, 13 g montmorillonite K-10 was mixed with 130 mL 30% H 2 SO 4 solution. This suspension was heated to 95 C and keep for 4 hours under magnetic stirring. Then the acid treated clays were washed thoroughly with distilled water until the pH of the washings approached 7. The samples were dried in a vacuum oven at 40 C to get 13.95 g sulfated montmorillonite K-10.
4.1.3. General procedures for the synthesis of 4-aryl-3,4-dihydrocoumarins 4a-4p. A mixture of 4-methoxyphenylacrylic acid 2a (5 mmol) and resorcinol 3a (5 mmol) in nitrobenzene (10 mL) was heated to 100 C. 2 g of sulfated montmorillonite K-10 was added to the mixture aer all reagents were dissolved and the mixture stirred at 100 C for 3-12 h. The reaction process was monitored by TLC (CH 2 Cl 2 -CH 3 OH, 10 : 1). The suspension was directly ltered and a suitable amount of petroleum ether was added to the ltrate. Then cooled the mixture and stewing or stirred under low temperature for a certain length of time to promote crystallization of the product. The crude product was recrystallized from EtOAc-PE to afford 7-hydroxy-4-(4-methoxyphenyl)-3,4-dihydrocoumarin 4a.
Compounds 4b-4p were obtained using the same procedures. 
General procedures for the synthesis of 4-arylcoumarins 8a-8h.
A mixture of 4-methoxybenzaldehyde 1a (200 mmol), malonic acid (240 mmol) and piperidine (2 mL) in pyridine (50 mL) was heated to reux for 8 h at 90 C. Aer the reaction is completed, hydrochloric acid solution (150 mL, 3 mol L À1 ) was added. Filtrate to obtain a white crude product 24 h later. The crude product was recrystallized from absolute ethanol to afford 4-methoxyphenylacrylic acid 2a. SOCl 2 (60 mmol) was added to a solution of 2a (40 mmol) in anhydrous methanol (100 mL). The solution was then mechanically stirred and reuxed for 2 h. Stop the reaction and cool for 10 minutes to concentrate, then ice water (50 mL) was added and followed by removal of the solvent in vacuo to obtain the crude product 4-methoxyphenyl ethyl acrylate 5a.
To a solution of 4-methoxyphenyl ethyl acrylate 5a in CH 2 Cl 2 (80 mL) was introduced Br 2 (2. fade. Continue stirring for one hour, the reaction solution was washed with 10% aqueous solution of sodium bisulte to remove excess bromine and washed again with water. The organic layer was concentrated in vacuo and afforded the crude product 2,3-dibromo-4-methoxyphenylpropionate 6a. A mixture of 6a and KOH (6.8 g, 121 mmol) in ethyl alcohol (100 mL) was heated to reux for 10 h. Aer the reaction stops, add 20 mL water to dissolve the salt, with concentrated hydrochloric acid to adjust the pH to strong acid, with dichloromethane to extract the reaction solution, then concentrating in vacuo to obtain the crude product. The crude product was subjected to column chromatography (silica, EtOAc-PE, 1 : 2) to obtain puried compound 4-methoxybenzene propionic acid 7a (4.6 g, in 65% yield).
To a solution of 4-methoxyphenylpropionic acid 7a (1.76 g, 10 mmol) and catechol (1.2 g, 11 mmol), in nitrobenzene (20 mL, anhyd) and the solution was stirred and heated to 100 C.
Then, 4 g acidied montmorillonite K-10 was added and the reaction was monitored by TLC (CH 2 Cl 2 : CH 3 OH, 10 : 1) and the reaction was completed aer 5 hours. Hot lter, add 30 mL of petroleum ether in the ltrate and place the natural crystallization overnight. The solvent was removed by vacuum suction ltration, washed with 20 mL of petroleum ether and dried to obtain pure product 4-(4 0 -methoxyphenyl)-7-hydroxycoumarin 8a (2.0 g, in 75% yield). Compounds 8b-8h were obtained by using the same procedures. 4.1.5. General procedures for the synthesis of 4-arylcoumarins 8i-8n. To a solution of iodine (9.6 g, 37.6 mmol) and aluminum (1.0 g, 37 mmol) in acetonitrile (150 mL) and the solution was stirred and heated to reux for 3 h. Then, cooled to room temperature and compound 8a (0.54 g, 2 mmol) was added. Continue to reux and the reaction was monitored by TLC (CH 2 Cl 2 : CH 3 OH, 6 : 1) until the starting material disappeared completely. The reaction solution was concentrated, and 5% sodium bisulte was added to remove excess iodine. Aer the hydrochloric acid was acidied, the mixture was extracted with ethyl acetate. The organic layer was concentrated to obtain 4-(4 0 -hydroxyphenyl)-7-hydroxycoumarin 8i (0.46 g, in 92% yield). Compounds 8j-8n were obtained by using the same procedures. and allowed to react at room temperature for 30 min. The absorbance value was measured at 517 nm with an ultravioletvisible spectrophotometer. The blank reference cuvette contained absolute ethanol. All measurements were performed in triplicate. IC 50 values were calculated. The percentage DPPH free radical scavenging rate was determined as
7-Hydroxy-4-(4-methoxyphenyl)-coumarin (8a
where A 0 is the absorbance of 2.0 mL DPPH solution + 2.0 mL absolute ethanol; A 1 is the absorbance of 2.0 mL DPPH solution + 2.0 mL 4-arylcoumarins solution or standard; A 2 is the absorbance of 2.0 mL 4-arylcoumarins solution or standard + 2.0 mL absolute ethanol. 4.2.3. In vitro a-glucosidase inhibitory activity. a-Glucosidase (G0660-750UN, Sigma Aldrich) and 4-nitrophenyl a-D-glucopyranoside (PNPG, Macklin) were dissolved in phosphate buffer (pH 6.8, 100 mM), and the test compounds were dissolved in DMSO solution. The experiment was divided into blank group, control group, sample blank group and sample group. The reagents were loaded in 96-well plates at the dose of the Table 7 . The solution was bathed in 37 C water for 10 min, aer the end, enzyme solution was added. Aer reaction at 37 C for 20 min, 70 mL Na 2 CO 3 solution (0.2 mM) was added to stop the reaction. All experiments were run in triplicate. Acarbose (Sigma Aldrich) was used as a standard inhibitor. Since PNPG can produce glucose and p-nitrophenol (PNP) under the action of a-glucosidase, PNP has the greatest absorption at 405 nm. The absorbance was determined by the microplate reader, and the inhibition rate of a-glucosidase and the IC 50 value of each sample were calculated according to the formula.
where A C is the absorbance of control group; A B is the absorbance of blank group; A S is the absorbance of sample group; A SB is the absorbance of sample blank group. 4.2.4. In vitro inhibitory activity of AGEs (advanced glycation end products) formation. To prepare the AGE reaction solution, 10 mg mL À1 of bovine serum albumin in 50 mM PBS (pH 7.4) was added to 0.2 M glucose, and 0.02% sodium azide was added to prevent bacterial growth. The reaction mixture (3 mL) was then mixed with various concentrations (0.5-1000 mg mL À1 ) of the target compounds (1 mL) dissolved in DMSO. Aer incubating at 37 C for 14 d, the uorescence intensity of AGE was determined by a uorospectrophotometer (PE, USA) with excitation and emission wavelengths at 350 nm and 420 nm, respectively. All experiments were run in triplicate. Aminoguanidine hydrochloride was used as a reference compound. The inhibition rate of AGEs formation and the IC 50 value of each sample were calculated according to the formula.
where A C is the absorbance of control group (1.0 mL glucose + 1.0 mL bovine serum albumin + 1.0 mL sodium azide + 1.0 mL DMSO); A B is the absorbance of blank group (1.0 mL PBS + 1.0 mL bovine serum albumin + 1.0 mL sodium azide + 1.0 mL DMSO); A S is the absorbance of sample group (1.0 mL glucose + 1.0 mL bovine serum albumin + 1.0 mL sodium azide + 1.0 mL target compound solution or aminoguanidine hydrochloride solution); A SB is the absorbance of sample blank group (1.0 mL PBS + 1.0 mL bovine serum albumin + 1.0 mL sodium azide + 1.0 mL target compound solution or aminoguanidine hydrochloride solution). 4.2.5. In vitro ALR2 inhibitory activity. Aer homogenization and centrifugation, the crude ALR2 from mice was obtained. 38 The inhibitory activity of the compounds on ALR2 was carried out using crude enzyme and different concentrations of the compounds (1-1000 mg mL À1 ) in 200 mM PBS (pH 6.2) containing 0.10 mM NADPH. The reaction was initiated by addition of glyceraldehyde and the decrease in the optical density of NADPH at 340 nm was recorded for 3 min. All experiments were run in triplicate. IC 50 of the compounds was calculated. The avonoid quercetin was used as a reference in the ALR2 assay. 4.2.6. Oral toxicity to mice. Experiments were performed on Kunming mice (male and female half, body weight range, 25-30 g). Mice were housed in a climate and light controlled room with a 12 h light/dark cycle. Twelve hours before experiments, food was withheld, but animals had free access to drinking water. The compounds were suspended in vehicle (Tween-80, 0.2% in saline). The concentrations were adjusted to orally administrate 0.2 mL/10 g of bw (body weight). Mice were treated in two phases. In the rst, intragastric doses of 10, 100 and 1000 mg kg À1 of bw of compounds were administered. On the second, the doses were adjusted to 1600, 2900 and 5000 mg kg À1 of bw of compounds. In both phases, mice were observed daily in a period of 14 days for mortality, toxic effects and/or changes in behavioral pattern. At the end of the experiments the mice were sacriced in a CO 2 chamber. 4.2.7. Acute hypoglycemic assay. Type II diabetes mellitus was induced in mice by a single intraperitoneal injection of freshly prepared STZ (Sigma Aldrich) dissolved in 0.1 M citrate buffer, pH 4.5, in a volume of 110 mg kg À1 of bw. Aer 7 days of STZ administration, blood glucose levels of each mouse were determined. Mice with blood glucose levels higher than 11 mM were considered diabetic and were included in the study. STZ-Induced diabetic mice and normal mice were placed in single cages with wire-net oors and deprived of food for 12 h before experimentation but allowed free access to tap water throughout. The compounds (at the doses of 10, 30 and 100 mg kg À1 of bw) were suspended in 0.05% Tween-80 in saline solution. Glibenclamide (10 mg kg À1 of bw) was suspended in the same vehicle. The target compounds were freshly prepared immediately before experimentation and administered by the intragastrical route at the doses of 10 mL kg À1 of bw. Control mice received only the vehicle (0.05% Tween-80 in saline solution) by the same route. Blood glucose levels were measured at 0, 1.5, 3, 5, 7, 9 h aer drugs administration. 4.2.8. Effects of daily treatment with compounds 8l and 8m in STZ-induced diabetic mice. Type II diabetes mellitus was induced in 24 mice by the same method showed in the section of the induction of experimental diabetes. Thereaer, the target compounds 8l, 8m and glibenclamide were administered once (9 a.m.) on a daily basis, for a period of 16 days, to STZ-induced diabetic mice which were divided into four groups (A-D). A ve group of normal mice (group E) was used as a control. Groups D (diabetic control) and E received vehicle (0.05% Tween-80 in saline solution) per os during 16 days. Group A received glibenclamide (10 mg kg À1 of bw daily). Groups B and groups C received different treatments: (B) compound 8l (30 mg kg À1 of bw daily); (C) compound 8m (30 mg kg À1 of bw daily). All tested materials were suspended in the same vehicle and administered per os daily for 16 days. The animals were housed under standard laboratory conditions and maintained with free access to water and food during all the experiment. Blood glucose concentration on animals of diabetic (groups A-D) and control group (group E) was estimated at days 1, 4, 7, 10, 13 and 16. The body weights of the animals were measured concomitantly to the blood glucose analyses. All experiments were carried out using six animals per group. 4.2.9. Oral glucose tolerance test of compounds 8m and 8l in STZ-induced diabetic mice. The target compounds 8l and 8m (30 mg kg À1 of bw) and control drugs (glibenclamide 10 mg kg À1 of bw) were dissolved in the vehicle (Tween-80, NaCl 0.9%).
Glucose (2 g kg À1 of bw) was used for the glucose tolerance tests.
The control mice group received only the vehicle. All cases were treated orally. Blood samples were collected from caudal vein by means of a small incision in the end of the tail. Blood glucose levels were estimated by a commercial glucometer (Bayer Contour TS). For the antihyperglycemic tests, blood samples were obtained 0.5, 1, 1.5, 2, and 3 hour aer the glucose load. Percentage variation of glycemia for each group was calculated with respect to initial (0 h) level according to:
where G i is initial glycemia values and G t is the glycemia value aer samples administration. For the antihyperglycemic tests data were represented as % variation of glycemia versus time. Studies were performed in normoglycemic and STZ-induced diabetic mice.
Statistical analysis.
Data were shown as mean AE S.D. differences between individual groups were analyzed by using ANOVA followed by Dunnett's test. A difference with a P value of <0.05 was considered to be signicant.
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